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Sustainability Requires On‐Site FoodSustainability Requires On‐Site Food
Produc0onProduc0on

• Resupply to the Moon is expensive ($70K/lb in 2004 $)

• Shelf life of packaged food ‐ a ques0on and a challenge (spoilage,
radia0on)

• Certain an0‐oxidants most effec0ve from fresh fruits, vegetables
• Fresh foods will augment diet psychologically & nutri0onally

• Eventual regenera0on of O2, H2O, protein, carbohydrate, and fat
from degraded wastes



A A ““salad machinesalad machine”” at the Lunar Base would at the Lunar Base would……

•• Augment crew diets with fresh salad foods:Augment crew diets with fresh salad foods:

––  containing an0‐oxidants, vitamins, minerals containing an0‐oxidants, vitamins, minerals

–– possessing psychologically important aromas, flavors, texturespossessing psychologically important aromas, flavors, textures

•• Provide recrea0on/stress relief by tending plantsProvide recrea0on/stress relief by tending plants

•• Provide a test bed for plant growth in the LunarProvide a test bed for plant growth in the Lunar
gravity/radia0on/ISRU environmentsgravity/radia0on/ISRU environments

•• Require only 1‐2 mRequire only 1‐2 m22 of area in one logis0cs module of area in one logis0cs module

•• Use minimal power loadUse minimal power load

•• Prepare for closed‐loop life support at Lunar/Mars bases andPrepare for closed‐loop life support at Lunar/Mars bases and
beyondbeyond



ESM for Tradi0onal Controlled‐Environment CropESM for Tradi0onal Controlled‐Environment Crop
Produc0on is highProduc0on is high

ESM = M + (VESM = M + (V••  VVeqeq) + (P ) + (P ••  PPeqeq) + (C ) + (C ••  CCeqeq) + (CT ) + (CT •• D  D ••  CTCTeqeq))

•• Electrical power requirements for ligh0ng / heat rejec0on a majorElectrical power requirements for ligh0ng / heat rejec0on a major
componentcomponent

•• HID lamp ballasts heavyHID lamp ballasts heavy

•• HID lamps very hot, require large separa0on from plantsHID lamps very hot, require large separa0on from plants

•• Refrigera0on systems massive, power hungryRefrigera0on systems massive, power hungry



Solid‐State LED Ligh0ng Solves SeveralSolid‐State LED Ligh0ng Solves Several
Energy‐Related ProblemsEnergy‐Related Problems

•• Removal of waste heat separate from light emihersRemoval of waste heat separate from light emihers
allows close LED placement to plantsallows close LED placement to plants

•• Close LED placement allows lower photon emissionsClose LED placement allows lower photon emissions
to achieve same irradiance as to achieve same irradiance as HIDsHIDs

•• Reduced photon emissions draws lower powerReduced photon emissions draws lower power
•• Lower power generates less waste heatLower power generates less waste heat
•• Less waste heat allows crea0ve placement of Less waste heat allows crea0ve placement of LEDsLEDs



Printed‐Circuit LED Printed‐Circuit LED ““Light EnginesLight Engines””

ORBITEC Light EngineORBITEC Light Engine

2.5 cm2.5 cm

• 1 row of sixteen 440 nm blue1 row of sixteen 440 nm blue
•• 4 rows of sixteen 640 nm red 4 rows of sixteen 640 nm red
•• 2 rows of ten 520 nm green 2 rows of ten 520 nm green
•• 2 photodiodes 2 photodiodes





LightsicleLightsicle Array Array
IntracanopyIntracanopy OverheadOverhead



IntracanopyIntracanopy  LEDsLEDs Overhead Overhead LEDsLEDs



HELIACHELIAC

•• High Efficiency Ligh0ng with Integrated Adap0veHigh Efficiency Ligh0ng with Integrated Adap0ve
ControlControl

•• Phase I and Phase II NASA SBIR to ORBITECPhase I and Phase II NASA SBIR to ORBITEC

•• Tes0ng with plants at PurdueTes0ng with plants at Purdue

•• Automated plant detec0onAutomated plant detec0on

•• Green LEDGreen LED’’s flash   s flash      photodiodes sense   photodiodes sense
reflec0on   reflec0on      red and blue    red and blue LEDsLEDs ac0vated ac0vated

















The reasons for HELIACThe reasons for HELIAC
•• Energy efficiency for plant growth in Energy efficiency for plant growth in a space life‐a space life‐
support system support system or CEA on Earthor CEA on Earth
–– IntracanopyIntracanopy ligh0ng for  ligh0ng for planophileplanophile crops crops
–– Overhead close‐canopy ligh0ng for roseheOverhead close‐canopy ligh0ng for rosehe
and and erectophileerectophile crops crops

–– Ligh0ng system automa0cally adjusts ligh0ngLigh0ng system automa0cally adjusts ligh0ng
only where leaves occuronly where leaves occur

•• Future upgrades could include neural networksFuture upgrades could include neural networks
that adjust to plant needs, programmed semngsthat adjust to plant needs, programmed semngs
for specific crop types at different stages, andfor specific crop types at different stages, and
new ligh0ng architectures.new ligh0ng architectures.
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